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DITHERING METHOD AND APPARATUS
FOR LIQUID CRYSTAL DISPLAY PANEL

This application claims the benefit of Korean Patent Appli-
cation No. P2004-21984 filed in Korea on Mar. 31, 2004,
which 1s hereby incorporated by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This ivention relates to a liquid crystal display, and more
particularly to a method and apparatus for adaptively reduc-
ing picture quality deterioration caused by a dithering 1n a
liquad crystal display panel.

2. Description of the Related Art

Generally, 1n a liquad crystal display (LCD) a picture 1s
displayed by controlling the light transmittance of the liquid
crystal having a dielectric anisotropy. To this end, the LCD
includes a liquid crystal display panel having a pixel matrix,
and a driver for driving the liquid crystal display panel.

Specifically, as shown 1n FIG. 1, the LCD includes a liquid
crystal display panel 12 having a pixel matrix 10, a gate driver
12 for drniving gate lines GL1 to GLm of the liquid crystal
display panel, a data driver 14 for driving data lines DL1 to
DLn of the liquid crystal display panel, and a timing control-
ler 16 for controlling driving timings of the gate driver 12 and
the data driver 14.

The liquid crystal display panel includes a pixel matrix 10
consisting of pixels formed for each area defined by 1ntersec-
tions between the gate lines GL and the data lines DL. Each of
the pixels includes a liquid crystal cell LC for controlling a
light transmission amount 1n accordance with a pixel signal,
and a thin film transistor TFT for driving the liguid crystal cell
LC.

The thin film transistor TF'T 1s turned on when a gate-on
voltage (VGH) from the gate line GL 1s supplied, to thereby
supply a pixel signal from the data line DL to the liquid crystal
cell LC. Further, the thin film transistor TFT 1s turned off
when a gate-off low voltage (VGL) from the gate line GL 1s
supplied, to thereby keep a pixel signal charged in the liquid
crystal cell LC.

The liquid crystal cell LC can be expressed equivalently as
a capacitor Clc. The equivalent capacitor consists of a com-
mon electrode opposed to a pixel electrode connected to the
thin film transistor TFT, and a liqud crystal between the
clectrodes. Furthermore, the liquid crystal cell LC includes a
storage capacitor (not shown) so as to stably keep the charged
pixel signal until the next pixel signal 1s charged. Gray scale
levels are achieved by controlling light transmittance of the
liquid crystal cell. The light transmittance 1s controlled by
changing the alignment state of the liquid crystal having a
dielectric anisotropy in accordance with the pixel signal
charged through the thin film transistor TFT, as discussed
below.

The gate driver 12 shifts a gate start pulse (GSP) from the
timing controller 16 1n response to a gate shift clock (GSC)
(not shown) to thereby sequentially apply a scanning pulse
having the gate-on voltage (VGH) from a power supply (not
shown) to the gate lines GL1 to GLm. The gate driver 12
applies a gate-oil voltage (VGL) from the power supply to the
gate lines GL to GLm in the remaiming interval during which
a scanning pulse having the gate-on voltage (VGH) 1s not
applied. Such a gate driver 12 controls the width of the scan-
ning pulse 1n response to a gate output enable signal (GOE)
from the timing controller 16.

The data driver 14 shifts a source start pulse (SSP) from the
timing controller 16 1n response to a source shift clock (S5C)
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to generate a sampling signal. Further, the data driver 14
latches pixel data (RGB) inputted in accordance with the
source shift clock (SSC) 1n response to the sampling signal
and thereafter applies the latched sampling signal line by line
1n response to a source output enable signal (SOE). Then, the
data driver 14 converts the pixel data (RGB) applied line by
line 1nto analog pixel signals using gamma voltages from a
gamma voltage part (not shown) to apply them to the data
lines DL to DLm. The data driver 14 then determines a polar-
ity of the pixel signal 1n response to a polarity control signal
(POL) from the timing controller 16 when the pixel data are
converted into the pixel signals. The data driver 14 determines
the time interval at which the pixel signals are applied to the
data lines DL 1n response to the source output enable signal
(SOE).

The timing controller 16 generates signals, for example,
GSP, GSC and GOEF, to control the gate driver 12 and signals,
for example, SSP, SSC, SOFE and POL, to control the data
driver 14. The timing controller 18 generates the control
signals using a data enable signal DE which indicates an
clfective data interval inputted from the exterior, a horizontal
synchronizing signal Hsync, a vertical synchronizing signal
Vsync and a dot clock DCLK which determines the transmis-
s1on timing of the pixel data RGB.

A liqud crystal display (LCD) having the above-men-
tioned configuration employs a dithering method using a
frame rate control algorithm (FRC), hereinatter referred to as
“FRC dithering”, in order to increase the gray level. The FRC
dithering method divides a pixel 1in a picture field into a
certain size of dithering blocks to control pixel brightness
within the blocks and to differentiate the pixel brightness
within the block for each frame. Accordingly, the FRC dith-
ering method allows a larger number of gray levels to be
displayed than the predetermined number of gray levels dis-
playable without dithering.

When the FRC dithering method 1s used for an LCD 1n
which one pixel can display 18-bit colors by a combination of
R, G, and B data, 1t can obtain an effect similar to a case in
which 24-bit colors arc displayed by a combination of the R,
G, and B data, each of which has 8 bits. The FRC dithering
function 1s generally built 1n a scaler IC of a computer or a
timing controller of the LCD. Thus, the scaler IC makes a
FRC dithering process of an input data to transmit 1t to the
LCD capable of displaying 18-bit colors, or to transmit 24-bit
R, G, and B data to the LCD in which the FRC dithering
function 1s built.

However, there 1s a disadvantage with the FRC dithering
process when 1t 1s utilized in an LCD driven by a vertical 2-dot
inversion system. More specifically, the FRC dithering pro-
cess 1s applied to specific patterns, for example, a dot pattern
or a vertical stripe pattern, the FRC dithering process dete-
riorates the picture quality by introducing a flicker, noise,
and/or dark bar into the displayed picture.

SUMMARY OF THE INVENTION

Accordingly, the invention i1s directed to a dithering
method and apparatus for a liquid crystal display panel that
substantially obviates one or more of the problems due to
limitations and disadvantages of the related art.

Accordingly, it 1s an advantage of the invention to provide
a method and apparatus for selectively performing dithering
and FRC 1n a liguid crystal display in accordance with input
data to prevent deterioration of picture quality 1n a specific
pattern.

In order to achieve these and other advantages of the inven-
tion, a method for selectively performing dithering 1n a liquid
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crystal display according to one aspect of the invention
includes the steps of: determining a pattern characteristic of
input video data using a phase difference comparison; per-
forming a first dithering process on the video data when 1t 1s
determined to be a specific pattern at said determining step;
and performing a second dithering process utilizing a frame
rate control on the video data when it 1s determined to be a
general pattern.

In the method, the step of determining the pattern charac-
teristic of the video data includes detecting a phase difference
between the video data and adjacent video data; comparing a
sum of 1°s complements of the detected phase difference with
a predetermined threshold value; and determining the video
data to be said specific pattern when said phase difference
sum 15 smaller than said threshold value while determining
the video data to be a general pattern when 1t 1s larger than or
equal to said threshold value.

An apparatus for performing selective dithering 1n a liquad
crystal display according to another aspect of the invention
includes: a scaler configured to perform a first dithering pro-
cess on mput video data when the input video data 1s deter-
mined to have a specific pattern by a phase difference com-
parison while outputting the video data with no dithering
when the mput video data 1s determined to have a general
pattern; and a timing controller configured to perform a sec-
ond dithering process utilizing a frame rate control of said
general pattern video data from the scaler.

In the apparatus, the scaler 1s configured to detect a phase
difference between said video data, and adjacent video data;
compare a sum of 1’s complements of the phase difference
with a predetermined threshold value; and determine said
video data to be said specific pattern when said phase ditfer-
ence sum 1s smaller than said threshold value while determin-
ing said video data to be said general pattern when it 1s larger
than or equal to said threshold value.

The scaler adds a dummy bit to said video data having
undergone a first dithering process such that 1t has the same
bit number as said general pattern to thereby apply 1t to the
timing controller.

Herein, the timing controller 1s configured to perform a
second dithering process on said video data determined to
have said specific pattern to eliminate said added dummy bat,
thereby outputting it.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawins, which are included to provide
a Turther understanding of the invention and are incorporated
in and constitute a part of this specification, 1llustrate embodi-
ments of the invention and together with the description serve
to explain the principles of the invention.

In the drawings:

FIG. 1 1s a schematic block diagram showing a configura-
tion of a conventional liquid, crystal display;

FIG. 2 1s a block diagram showing a configuration of a
liquid crystal display according to an embodiment of the
invention; and

FIG. 3 1s a flow chart representing a method according to an
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Reference will now be made 1n detail to embodiments of
the imvention, examples of which are 1llustrated 1n the accom-
panying drawings.
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Hereinafter, the embodiments of the invention will be
described 1n detail with reference to FIGS. 2 and 3.

FIG. 2 1s a block diagram showing a configuration of a
liquid crystal display according to an embodiment of the
invention, and FIG. 3 1s a flow chart representing a selective
dithering method according to an embodiment of the mnven-
tion.

The apparatus shown 1n FIG. 2 includes a scaler IC 22 built
in a computer 20, and a timing controller 32, a data driver 34
and a liquid crystal display panel 36 that are built in a liquid
crystal display module 30.

Referring to FI1G. 2, the scaler IC 22 converts analog video
signals into digital video data. In addition, the scaler IC 22
determines whether the digital video data represents a spe-
cific pattern that does not require FRC dithering or a general
pattern. More specifically, the scaler IC 22 detects the phase
difference (PD) between adjacent video data to determine 1f
the data represents a specific pattern. If the sum of the 1°s
complement of the detected phase difference 1s smaller than a
threshold value n, the video data 1s determined to represent a
specific pattern. Otherwise, the data 1s determined to repre-
sent a general pattern when 1t 1s larger than or equal to the
threshold value n. The threshold value n 1s selected based on
the fact that the sum of the phase difference decreases when
the video data represents a dot pattern, a single vertical stripe
pattern, or another specific pattern. The scaler I1C 22 also
detects a clock and a phase when the phase difference has a
maximum value for the purpose of detecting the phase ditfer-
ence PD, thereby turning on an auto-phase (AP) function
acting as a focusing function.

A selective dithering method according to an embodiment
of the mvention 1s shown 1n FIG. 3. At step 3035, the scaler IC
detects the phase difference between adjacent video data. The
phase difference 1s compared to a predetermined threshold
value at step 307. I1 the phase difference 1s greater than the
threshold value n (YES path out of step 307), then rotation 1s
enabled at step 313 and FRC dithering i1s performed 1n the
timing controller 32 at step 315. Otherwise (NO path out of
step 307), rotation 1s disabled at step 309 and the scaler 1C 22
performs a simple dithering process with no frame rate con-
trol at step 311.

The simple dithering process with no FRC used 1n step can
be, for example, a dithering process using a dithering pattern
unchanged for each frame. More specifically, the dithering
circuitry of scaler IC 22 separates the 8-bit video data 1nput
into the most significant bits and the 2 least significant bits,
and then compares the 2 least significant bits with a pre-stored
dithering pattern to calculate a one bit dithering value. The
scaler IC 22 then adds the calculated dithering value to the 6
most significant bits using a carry signal to output 6-bit video
data. In addition, the dithering circuitry adds a dummy bits
‘00’ as the least significant bits to the dithered 6-bit video
data, thereby supplying an 8-bit video data to the timing
controller 32 of the liquid crystal display module 30. On the
other hand, when the video data 1s determined to represent a
general pattern (YES path out of step 307), the scaler IC 22
supplies 8-bit video data that does not go through the dither-
ing part to the liqud crystal display module 30.

The FRC dithering circuitry built 1in the timing controller
32 preforms a FRC dithering process on the 8-bit video data
inputted from the scaler 1C 22 to convert 1t to 6-bit data,
thereby applying the converted data to the data driver 34.
More specifically, the FRC dithering circuitry separates the
8-bit video data inputted from the scaler IC 22 into the 6 most
significant bits and the 2 least significant bits, and then com-
pares the 2 least significant bits with a pre-stored dummy
pattern to calculate a one bit dithering value. Unlike the




US 7,423,618 B2

S

dithering process performed by the scaler IC 22, the FRC
dithering circuitry of the timing controller toggles the pre-
stored dummy pattern every fourth frame and compares it
with the 2 least sigmificant bits of the mput video data to
calculate a one bit dithering value bit. The one bit dithering
value 1s then added to the 6 most significant bits using a carry
signal to output 6-bit video data.

As aresult, the video data having a specific pattern to which
a dummy bit ‘00 1s added via the dithering part of the scaler
IC 22 1s outputted as 6-bit data removed with the dummy bit
from the FRC dithering part. Further, the video data having a
general pattern that does not go through the dithering part of
the scaler IC 22 1s outputted as 6-bit data experiencing the
FRC dithering process.

With the aid of the scaler IC 22 and the timing controller 32,
the specific pattern undergoes a simple dithering process with
no FRC while the general pattern undergoes the FRC dither-
ing process, before applying them to the data driver 34.

The data driver 34 converts the 6-bit video data inputted
from the timing controller 32 into analog video signals and
applies them to liquid crystal display panel 36.

Accordingly, the liquid crystal display panel 36 can imple-
ment gray levels similar to 8-bit video signals while using,
6-bit video signals.

As described above, according to the invention, the dither-
ing with FRC and dithering with no FRC 1s selectively per-
formed depending upon a property of the video data, 1n order
to prevent deterioration in picture quality which can be
caused by the FRC dithering process of specific patterns.

It will be apparent to those skilled in the art that various
modifications and variation can be made 1n the present inven-
tion without departing from the spirit or scope of the mven-
tion. Thus, 1t 1s intended that the present invention cover the
modifications and variations of this imnvention provided they
come within the scope of the appended claims and their
equivalents.

What 1s claimed 1s:
1. A dithering method for a liquid crystal display, compris-
ng:

determining a pattern characteristic of input video data
using a phase difference comparison;

performing a first dithering process on the video data if the
pattern characteristic 1s determined to be a specific pat-
tern at said determining step; and

performing a second dithering process utilizing frame rate
control on the video data 1t the pattern characteristic 1s
determined to be a general pattern,

6

wherein the step of determining the pattern characteristic
of the video data comprises:
detecting a phase difference between adjacent video

data;

5 comparing a sum of the 1°s complement of the detected
phase difference with a predetermined threshold
value; and

determining the pattern characteristic of the video data
to be said specific pattern 11 the sum 1s smaller than
said threshold value while determining the pattern
characteristic of the video data to be said general
pattern when the sum 1s larger than or equal to said
threshold value.
2. A dithering apparatus for a liquid crystal display, com-
prising;:
a scaler configured to perform a first dithering process on
iput video data 1f a pattern characteristic of the mput
video data 1s determined to be a specific pattern by a
phase difference comparison while outputting the video
data with no dithering when the pattern characteristic of
the mput video data i1s determined to have a general
pattern; and
a timing controller configured to perform a second dither-
ing process utilizing frame rate control on said general
pattern video data from the scaler
wherein the scaler 1s further configured to:
detect a phase difference between adjacent video data;
compare a sum of the 1’s complement of the detected
phase difference with a predetermined threshold
value; and

determine the pattern characteristic of the video data to
be said specific pattern if the sum 1s smaller than said
threshold value while determining said pattern char-
acteristic of the video data to be said general pattern 11
the sum 1s larger than or equal to said threshold value.

3. The apparatus according to claim 2, wherein the scaler 1s
turther configured to:

add a dummy bit to the video data having undergone said
first dithering process such that it has the same bit num-
ber as the general pattern video data; and

supply the video data with the added dummy bits to the
timing controller.

4. The apparatus according to claim 3, wherein the timing,
controller 1s further configured to perform a second dithering
45 process on the video data having the added dummy baits to

climinate the added dummy bats.
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